Some quality traits of meat from purebred French Alpine kids and Boer crossbreeds aged 50 days were evaluated in the study. Samples of m. quadriceps femoris were taken to determine the chemical composition and physicochemical properties of meat as well as a water-to-protein ratio, energy value, levels of cholesterol and amino acids in protein, and fatty acid concentration in intramuscular fat. It was found that meat from crossbred kids, compared to meat from purebred kids, contained more intramuscular fat, cholesterol and vitamin A, had a higher calorific value, a brighter color, a lower water-holding capacity, a higher level of physiological maturity (measured as the value of a water-to-protein ratio), and got higher scores for tenderness and juiciness. The protein of meat from crossbred kids had a more desirable essential amino acid/non-essential amino acid (EAA/NEAA) ratio, while intramuscular fat contained less OFAs and had more desirable unsaturated fatty acid/ saturated fatty acid (UFA/SFA) and DFA/OFA (UFA+C 18:0 /SFA-C 18:0 ) ratios. 
Introduction
The increasing interest in goat breeding and farming, observed recently in many developed countries including Poland, is related to the fact that goat products are considered a delicacy of great nutritional value (PARK, 2000; PIENIAK-LENDZION, 2001; MARICHAL et al., 2003; WALISIEWICZ-NIEDBALSKA et al., 2004; DANKOW et al., 2006) . The consumption levels of animal proteins (primarily meat proteins) are higher in more affluent societies, where consumers prefer light, easily digestible and low-fat meat, recommended by dieticians as a component of a healthy diet and promoted via disease prevention programs (PFEUFFER, 2001; PIENIAK-LENDZION, 2001) . High-quality goat meat produced from kids characterized by high meatiness and low fatness meets the above requirements, so the demand for this kind of meat is constantly growing both in the EU member states and in the USA (LEIDNER, 1998; RINGDORFER, 2001) . The meat quality traits of slaughter goat kids of dairy breeds are usually poor, since goats are selected primarily towards improving their milk performance. In order to increase the meatiness of slaughter kids, attempts are made to cross does of dairy breeds with bucks of meat breeds (RINGDORFER, 2001; DHANDA et al., 2003; STANISZ et al., 2004; SHRESTHA and FAHMY, 2007) . The aim of the present study was to determine some quality indices of meat from 50-day-old F1 crossbred male kids, produced by the mating of French Alpine does to Boer bucks.
Materials and Methods
The experiment was performed on purebred French Alpine (FA) male kids and French Alpine × Boer F1 crossbreds (FAB), aged 50 days, 12 animals per group. All kids were raised under identical husbandry, management and feeding conditions. Apart from doe's milk, the kids were fed ad libitum meadow hay and concentrate C-J for lambs and calves, as well as green forage at the last stage of the experiment, prior to slaughter. The level of nutrition has been balanced due to the feeding norms for goats (KOWALSKI, 1993) . The kids were slaughtered at 50 days of age and at mean body weight of 13.8 kg and 14.9 kg in the group of purebreds and crossbreds, respectively. Samples of m. quadriceps femoris were taken from chilled carcasses for meat quality evaluation. The following determinations were made: dry matter by sample drying at 105 , total protein by the Kjeldahl method, crude fat by the Soxhlet method, crude ash by ashing at 550 , gross energy value using a KL-10 adiabatic bomb calorimeter, water-holding capacity by the GRAU and HAMM method (1953) , color brightness using a Specol spectrocolorimeter with a R 045 remission attachment, at a wavelength of 560 mm, and pH 24 h post mortem with a Radiometer PHM 22 pH-meter. The water to protein ratio was determined based on the water and protein content of meat. Amino acid concentrations in meat protein were determined using an automatic amino acid analyzer (AAA-T-339M, MICROTECHNA). Sulfur-containing amino acids, cystine and methionine, were determined as cystinic acid and methionine sulfone. Cholesterol was measured with an EPOLL 20 colorimeter, as described by RHEE et al. (1982) . The levels of vitamins A and E were determined by HPLC on a Shimadzu chromatograph, as described by RETTENMAIER and SCHÜEP (1992) . The fatty acid composition of intramuscular fat was determined by esterification (PEISKER, 1964) followed by gas chromatography with the use of a PYE Unicam series 104 chromatograph equipped with a flame-ionization detector and a glass column 2.1 m in length, 4 mm in inner diameter (ŻEGARSKA et al., 1979) . The sensory evaluation of meat samples was preceded by heat treatment, as described by BARYŁKO-PIKIELNA (1975) . A five-point scale was used to evaluate the following quality attributes of cooked goat meat: tenderness, juiciness, aroma (intensity and desirability) and taste (intensity and desirability). The results were verified statistically by t-test, using STATISTICA 7.1 software.
Results Some meat quality traits (Table 1) were found to be dependent on the genotype. Meat from crossbred kids (FAB), compared to meat from purebred kids (FA), contained more intramuscular fat, cholesterol and vitamin A (P≤0.05), had a higher calorific value (P≤0.01), a brighter color, a lower water-holding capacity, a lower pH (P≤0.05), and a more desirable water-to-protein ratio which may indicate a higher level of physiological maturity. The genotype of kids had a significant effect on the concentrations of amino acids in meat protein (Table 2 ). The protein of meat from FAB kids, in comparison with the protein of meat from FA kids, contained significantly and highly significantly more EAAs such as threonine, valine, methionine, leucine and lysine, and less NEAAs, such as glutaminic acid, glycine and alanine. It follows that the proportions and ratios of EAAs and NEAAs in the protein of meat from crossbreds were more desirable than in the protein of meat from purebreds (P≤0.05).
Interbreed crossing resulted also in significant differences in the fatty acid composition of intramuscular fat (Table 3 ). In the group of FAB kids intramuscular fat contained significantly less SFAs, including C 12:0 , C 14:0 and C 18:0 , and significantly more C 14:1 and C 18:3 and total polyunsaturated fatty acids (PUFAs). As a result of these differences, the intramuscular fat of meat from crossbred kids contained significantly less hypercholesterolemic acids (OFAs) and had more desirable UFA : SFA and DFA : OFA ratios, compared to the intramuscular fat of meat from purebred kids (P≤0.05). The sensory evaluation confirmed good eating quality of goat meat in both groups (Table 4) . Total scores for all tested meat quality attributes were 4.76 in the group of FAB kids and 4.65 in the group of FA kids. Meat from crossbreds got higher scores for tenderness and juiciness. Discussion The nutritive value of goat meat is closely related to its chemical composition, primarily to protein concentration, but also to the amount and composition of fat and to the level of the least desirable ingredient -cholesterol. Another factor that decides about the quality and nutritive value of goat meat is the genotype of animals (RINGDORFER, 2001; BESERRA et al., 2004; STANISZ et al., 2004; SIKORA and BORYS, 2006) . The breed of bucks used for crossing usually affected the fat content of meat, in some cases also protein content. Boer bucks mated to French Alpine does in our study contributed to a significant increase in the intramuscular fat content of meat in the progeny. A higher fat concentration in meat from Boer crossbreds was also reported by DHANDA et al. (2003) and STANISZ et al. (2004) . Intramuscular fat impacts not only the nutritive value and sensory properties of meat, but also the dietary properties related to the level of UFAs (LEIBETSEDER, 1996; ENDER et al., 1997; OPRZĄDEK and OPRZĄDEK, 2000) . In this study meat from crossbred kids had a higher intramuscular fat content and received higher scores for tenderness and juiciness. DHANDA et al., (2003) and STANISZ et al., (2004) also demonstrated that Boer bucks used for crossing contributed to an increase in the intramuscular fat content of meat in the progeny, and to an improvement in the tenderness and juiciness of meat. A higher fat concentration in the muscle fibers of crossbred kids could result in muscular tissue loosening and thus contribute to an improvement in meat palatability (DANKOWSKI and ZIELIŃSKA, 1999) . Higher concentrations of intramuscular fat and hydrogen ions in meat from crossbreds could affect colour brightening and reduce water-holding capacity (OPRZĄDEK and OPRZĄDEK, 2000) . The mean pH values of meat from purebred (5.78) and crossbred (5.70) kids were within a range (5.5-5.9) considered optimal for high-quality goat meat (DHANDA et al., 1999; DHANDA et al., 2003; STANISZ et al., 2004) . Meat from Boer crossbreds is usually characterized by a higher concentration of hydrogen ions than meat from purebreds, as observed by the above authors and confirmed in the present study. The suitability of meat for human consumption is also determined by cholesterol content, associated with coronary heart disease. Compared to meat from other animal species (HASIK et al., 1999) , goat meat has a low cholesterol concentration (FA kids -48.76, FBA kids -56.63 mg/100g). SIKORA and BORYS (2006) recorded higher cholesterol levels in meat from kids slaughtered at a similar age as in our study, while BESERRA et al. (2004) observed lower cholesterol levels in much older kids (8-10 months of age). BESERRA et al. (2004) demonstrated that the cholesterol content of meat is significantly affected by goat genotypes, which was also confirmed in our experiment. Biologically active ingredients of goat meat are also vitamins A and E. Vitamin A participates, among others, in protein synthesis and stimulates cell differentiation, while vitamin E prevent the oxidation of fatty acids and phospholipids and inhibits the production of nitrosamines (DAREWICZ et al., 2003) . Considerable amounts of vitamins A and E in meat from goat kids indicates good nutritional value and keeping quality. The nutritive value of meat is affected not only by the amount of protein, but also by its biological value, dependent on amino acid composition. Amino acids consumed with meat are used for the synthesis of new proteins, being key components indispensable for body growth, and participate in the biosynthesis of numerous biologically active compounds (HASIK et al., 1999, GAWĘCKI and HRYNIEWIECKI, 2004) . Among 18 amino acids contained in meat, only a few (non-essential) are synthesized by the human body, while the other (essential for protein synthesis) must be supplied with food in the right proportions. The present results, similarly as those obtained by ELGASIM and ALKANHAL (1992), and WEBBE et al. (2005) , show that the biological value of goat meat is related primarily to such essential amino acids as lysine, histidine and methionine -necessary for normal growth and development, and tryptophan and phenylalanine -regulating the functions of the central nervous system (HASIK et al., 1999) . In the present experiment the protein of meat from crossbred kids had a more desirable ratio between essential and non-essential amino acids than the protein of meat from purebred kids (0.89 vs. 0.84). A comparable ratio between both groups of amino acids (0.90) in goat meat was reported by ELGASIM and ALKANHAL (1992), while a higher one was recorded by WEBB et al. (2005) . A measure of the dietary properties of meat is a ratio between saturated and unsaturated fatty acids contained in intramuscular fat. A particularly important role is played by PUFAs, being an essential and key food ingredient (LEIBESENDER, 1996; HASIK et al., 1999) . Differences in the levels of individual fatty acids and total SFAs and PUFAs, observed between the two groups of male kids examined in the study, resulted in a more desirable UFA : SFA ratio in crossbreds. The concentration of essential unsaturated fatty acids is of primary importance from the perspective of a healthy diet, since they help to prevent or control hypercholesterolemia considered a key risk factor of coronary heart disease (HASIK et al., 1999; PFEUFFER, 2001 ). The present results show that the intramuscular fat of meat from crossbred kids contained more essential unsaturated fatty acids, compared with the intramuscular fat of meat from purebred kids (7.49 % vs. 7.23 %). The genotype of goat kids had also a considerable effect on the levels and proportions of DFAs and OFAs. Meat from crossbreds had a more desirable ratio between DFAs and OFAs. The fat of meat from crossbred kids contained more DFAs and less OFAs, and had a more desirable ratio between these acids (1.87), compared with the fat of meat from purebred kids (1.82). DFAs are believed to reduce the absorption rate of dietary cholesterol and bile acids as well as to influence lipoprotein synthesis (BARTNIKOWSKA 1993) . A significant effect of the genotype of goat kids on the fatty acid profile of intramuscular fat was also demonstrated by KALINOWSKA and PUSTKOWIAK (2000) , DHANDA et al. (2003) and BESERRA et al. (2004) . Changes in the proportions of acids of different saturation degree, observed in this experiment and reported by other authors, indicate that the fatty acid profile can be modified through proper selection of goat breeds for crossing. Due to a high protein content (19.44 and 19.74 %), a desirable water-to-protein ratio (4.18 and 3.89), low levels of intramuscular fat (1.67 and 1.96 %) and cholesterol (48.76 and 56.63 mg/100g), a low energy value (96.36 and 101.47 kcal/100g), a high ratio between EAAs and NEAAs (0.84 and 0.89), a desirable fatty acid profile and high scores for sensory properties, meat from purebred French Alpine kids and (especially) French Alpine × Boer crossbreds may be recommended as a valuable component of a low-fat diet.
